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1
BALUN TRANSFORMER

TECHNICAL FIELD

This invention relates in general to differential circuits
and more particularly to balun transformers.

BACKGROUND

It 1s well known that differential circuit techniques offer
better circuit-to-circuit isolation and improved dynamic
range. A typical radio frequency (RF) receiver front-end
adopting a differential circuit topology is shown in FIG. 1 of
the accompanying drawings. The radio receiver 100
includes a balun transformer 102 for receiving an RF signal.
The balun transformer takes the unbalanced (single-ended)
signal and transforms it to a balanced (differential) signal
104. Differential signal 104 refers to two signals of equal
magnitude which are out of phase by 180 degrees. This
differential signal 104 is fed to a low noise amplifier (LNA)
106 which is controlled through an automatic gain control
(AGC). An amplified differential signal 108 is then filtered
through a bandpass filter (BPF) 110. The filtered signal 112
is then mixed at mixer 114 with a local oscillator (L.O) signal
which has been split by a quadrature phase splitter 116.
%liixcr 114 then generates a quadrature output signal QI

Circuit designers of portable and mobile radio products
are continually searching for ways to simplify receiver
designs and decrease parts count, size, and cost. It would be
desirable to have a simplified RF receiver which could
achieve these goals while maintaining the specifications of
isolation, dynamic range, sensitivity, and frequency selec-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a prior art block diagram of a radio receiver.

FIG. 2 is a transmission line balun transformer in accor-
dance with the present invention.

FIG. 3is a graph of a simulated frequency response for the
circuit of FIG. 2.

FIG. 4 is another embodiment of the balun transformer in
accordance with the present invention,

FIG. § is yet another embodiment of the balun transformer
in accordance with the present invention.

FIG. 6 is a bandpass filter in accordance with the present
invention.

FIG. 7 is a graph of a simulated frequency response for the
filter of FIG. 6 in accordance with the present invention.

FIG. 8 is a radio receiver in accordance with the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

While the specification, concludes with claims defining
the features of the invention that are regarded as novel, it is
believed that the invention will be better understood from a
consideration of the following description in conjunction
with the drawing figures, in which like reference numerals
are carried forward.

A transmission line coupler is a four terminal, four pork
network which can be completely characterized by its cou-
pling factor, k, its impedance Z,,, and the electrical length 0
at a specified frequency. Many possible two-port networks
may be formed by either opening or shorting two of the
terminals to provide a two-pole bandpass filter, also known
as a quarter wave coupler.

10

15

25

30

35

45

35

65

2

In accordance with the present invention, two transmis-
sion line couplers, one in an open-ended configuration and
one in a short circuited configuration, are coupled together
to form an asymmetrical pair. When combined, they exhibit
the unique property of a balun transformer. Referring now to
FIG. 2, there is shown the balun transformer 200 in accor-

dance with the present invention. The balun 200 includes
first and second transmission line couplers 202, 204.
Although not shown, the ground of the transmission line
coupler is implicitly assumed. Each transmission line cou-
pler 202, 204 is configured into a two-pole bandpass filter,
one being configured in an open circuit configuration while
the other is configured in a short circuit configuration. These
transmission line couplers will also be referred to as quarter
wave couplers, 202, 204. The two transmission line couplers
202, 204 are coupled together to form a three-port balun
transformer having an input port 1 and first and second
output ports 2, 3. The balun transformer 200 receives a radio
frequency (RF) signal at the input port 1 and generates a
differential output signal at the first and second output ports
2. 3.

The transmission line coupler 202 is formed of first and
second adjacent transmission lines 206, 208 coupled through
a coupling factor of 3 dB and an electrical length of 90
degrees at a specified frequency. The two coupled transmis-
sion lines provide first, second, third, and fourth terminals
210, 212, 214, 216. The first and fourth terminals 210, 216
are diagonally opposed and open circuited. The third termi-
nal 214 functions as an input terminai, and the second
terminal 212 functions as an output terminal.

The second transmission line coupler 204 is formed of
third and fourth adjacent transmission lines 218, 220
coupled through a coupling factor of 3 dB and an electrical
length of 90 degrees at a specified frequency. These coupled
transmission lines 218, 220 provide first, second. third and
fourth terminals, 222, 224, 226, and 228. The first terminal
222 functions an input terminal, the second and third ter-
minals 224, 226 are diagonally opposed and shorted to
ground potential, and the fourth terminal 228 functions as an
output terminal. The input terminal 214 of the first trans-
mission line coupler 202 and the input terminal 222 of the
second transmission line coupler 204 are coupled together to
form an input port 1 for receiving an RF signal. The output
terminal 212 of the first transmission line coupler 202 and
the output terminal 228 of the second transmission line
coupler 204 provide first and second output ports 2, 3 for
generating a differential output signal in response to the RF
signal. The balun transformer of the present invention can be
re-configured in a variety of formats but must maintain
diagonally opposed short circuited terminals to ground
potential in one transmission line coupler and diagonally
opposed open circuited terminals in another transmission
line coupler.

Referring now to FIG. 3, there is shown a graph 300 of a
simulated frequency response for the balun transformer
shown in FIG. 2. For this simulation, each quarter wave
coupler was characterized by a coupling factor of 3 dB, an
impedance Z, of approximately 70 ohms, and an electrical
length of 90 degrees at a frequency, f, of 850 megahertz
(MHz). The circuit simulation was performed over a fre-
quency range of 0.65 gigahertz (GHz) to 1.05 GHz. The
magnitude of the return loss, S,,, at the input port is shown
by designator 302. The insertion loss between the input port
and the first output port, S,,, is represented by designator
304, and the insertion loss between the first port and second
output port, S;,, is represented by designator 306. The
narrowband response results in excellent differential phase
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response. A bandwidth of approximately 30 percent was
achieved for a very tight tolerance of 2 degree variation in
differential phase angle.

Schematically, the balun transformer of the present inven-
tion comprises diagonally opposed open circuited terminals
and diagonally opposed terminals short circuited to ground,
however one skilled in the art appreciates that the physical
implementation can take on many forms.

Referring now to FIG. 4, there is shown another embodi-
ment of the balun transformer of the present invention. In
this isometric cut-away view, the balun transformer 400 is
formed using first and second transmission line couplers
402, 404, where each coupler 402, 404 comprises adjacent,
or co-located, transmission lines coupled on parallel planes
of a substrate 401. Coupler 402 is formed of co-located
transmission lines 406, 408 while coupler 404 is formed of
co-located transmission lines 410, 412. In the first coupler
402, one pair of opposing terminals 414, 416 located on
parallel planes are short circuited to ground 418, while in the
second coupler 404, a pair of opposing terminals 420, 422
are open circuited. Terminals 424, 426 are coupled together
to provide an input port 1 while terminals 428, 430 provide
first and second output ports 2, 3.

Hence, while schematically shown as diagonally opposed,
one skilled in the art appreciates that in the physical
implementation, the asymmetrical grounding is achieved by
shorting to ground (and open circuiting) opposing ends of
parallel transmission lines on opposing planes.

FIG. 5 shows yet another embodiment of the balun
transformer of the present invention 500 using a spiral
transmission line coupler implementation. In this exploded
view, there are shown two outer substrate layers 502, 504
providing ground planes 501, 503 and first and second inner
substrate layers 506, 508 sandwiched therebetween. The first
substrate layer 506 includes transmission line 510 having
first and second coupled spiral portions 512, 514. The
second substrate layer 508 includes first and second spiral
transmission lines 516, 518 which substantially mirror
image those of the first substrate layer in a parallel plane. On
the first substrate layer 506, a node, or terminal, 520 joins the
first and second spiral portions 512, 514 and functions as an
input port 1 for the balun transformer. One end of the first
spiral 512 is left open circuited, terminal 522, while the other
end of the second spiral is shorted circuited to ground,
terminal $24.

On the second substrate layer 508, the two spiral portions
516, 518 are disjoined with one terminal 526 being short
circuited to ground which the other terminal $28 is left open
circuited. The outer terminals of the first and second spirals
of the second substrate layer provide first and second output
ports 2, 3.

Schematically, the layouts of all of these balun trans-
former embodiments still have asymmetrical characteristic
of diagonally opposed open circuited terminals and diago-
nally opposed terminals short circuited to ground, however
one skilled in the art appreciates that the physical imple-
mentation can take on many layout topologies as demon-
strated by the previously described embodiments.

Through the addition of tuning elements, such as capaci-
tors or inductors, frequency selectivity may be readily
incorporated into the balun transformer of the present inven-
tion. Referring now to FIG. 6, there is shown a bandpass
filter 600 incorporating the balun transformer 200 described
in FIG. 2. Bandpass filter 680 includes the first and second
quarter wave couplers 202, 204 as well as several tuning

elements, shown here as capacitors C,;, C,,, C,3, C,1. Cpa
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and C,;, disposed on a substrate 601. The tuning elements
are coupled to the input port 1. and the first and second
output ports 2, 3. The tuning elements C,,, C,,, C,5. C,,,
C,,, and C_,, provide frequency selectivity for the bandpass
filter 600.

Referring now to FIG. 7, there is shown a graph of a
simulated frequency response for the filter of FIG. 6 in
accordance with the present invention. In this simulation a
coupling factor, k, of 3 dB, an impedance, Z,, of approxi-
mately 70 ohms, and an electrical length of 90 degrees at a
frequency of 850 MHz were used. The approximate values

selected for the capacitors were C,,=1.48 picofarad (pF).
C,2=2.2 pF, C;5=2.2 pF. C,;=2.5 pF, C,,=5.6 pF, and C ;=
5.6 pF. Graph 700 exhibits the excellent differential phase
response and characteristics of a two-pole filter for both
output ports. The return loss, S, of the input port is shown
by designator 702. The insertion loss between the first output
port and the input port, S,; is shown by designator 704, and
the insertion loss between the second output port and the
input port, S,, is shown by designator 706.

Frequency selectivity may similarly be added to all
embodiments of the balun transformer of the present inven-
tion. Thus, regardless of the layout topology a variety of
bandpass filters can be readily implemented through the
addition of tuning elements.

The receiver circuit front-end can be greatly simplified
using the bandpass filter described by the invention. The
bandpass filter 600 described by the invention can be readily
implemented on a number of materials, such as printed
circuit board (PCB) and ceramics. Adding the bandpass filter
functionality to the balun transformer 200 climinates the
need for a separate bandpass filter in a radio receiver.

Referring now to FIG. 8, there is shown a radio adopting
a differential circuit topology in accordance with the present
invention. The radio receiver 800 includes the bandpass
filter (BPF) 600 which combines the functionality of a balun
transformer and a two-pole bandpass filter in accordance
with the present invention. Bandpass filter 600 takes the
unbalanced (single-ended) signal and transforms it to a
filtered balanced (differential) signal 802. This filtered dif-
ferential signal 802 is fed to a low noise amplifier (LNA)
804 which is controlled through an automatic gain control
(AGC). An amplified differential signal 806 is then mixed at
mixer 808 with a local oscillator (LO) signal which has been
split by a gquadrature phase splitter 810. Mixer 808 then
generates a quadrature output signal QIQL Hence, the
bandpass filter described by the invention simplifies the
receiver design by combining the functionality of the balun
transformer and the filter into one circuit. Eliminating the
filter of the prior art while still maintaining the differential
aspect of the circuitry provides the advantage noise immu-
nity with fewer parts. Parts count and overall size of receiver
circuits can now be reduced which provides the benefit of
reduced cost.

A bandpass filter with differential outputs which imple-
ments the balun transformer described by the invention can
be extended from microwave frequencies to 800-900 MHz,
ultra-high frequencies (UHF), and very-high frequencies
(VHF), essentially covering the spectrum of the entire
portable and mobile radio products. In addition to filters, the
transmission line balun transformer described by the inven-
tion can find application in various other radio circuits where
differential topologies are desired. such as mixers, or simply
as an improved transformer. The transmission line balun
transformer described by the invention can take on a variety
of layout topologies making it easy to implement in single
layer and multi-layer substrates.
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While the preferred embodiments of the invention have a plurality of tuning elements coupled to the input
been illustrated and described, it will be clear that the port and the first and second output ports, said
invention is not so limited. Numerous modifications, plurality of tuning elements controlling frequency
changes, variations, substitutions and equivalents will occur selectivity of the bandpass filter.

to those skilled in the art without departing from the spirit 5 3. A balun transformer as described in claims 2. wherein
and scope ‘{f the present invention as defined by the the first and second transmission line couplers comprises
appended claims. first and second spiral transmission line couplers.

What is claimed is: . s
- 4. A bandpass filter, comprising:
1. A bandpass filter, comprising: 2 balun former compisin gg:

a balun transformer comprising; Y
’ _ 10 fir : in ed of fir
a first quarter wave coupler formed of two adjacent a first transmussion line coupler formed of first and
second adjacent transmission lines, the first trans-

transmission lines having end terminals wherein the Lo , ‘ _
end terminals comprise two diagonally opposed ter- mission line having first and second opposed termi-

minals shorted to ground potential, an input terminal, nals and the second transmission line having third
and an output terminal; and fourth opposed terminals, the first and fourth
a second quarter wave coupler formed of two adjacent 1° terminals being diagonally opposed and open
transmission lines having end terminals wherein the circuited, the third terminal being an input terminal,
end terminals comprise two diagonally opposed and the second terminal being an output terminal;
open circuited terminals, an input terminal, and an a second transmission line coupler formed of third and
output terminal, the input terminal of the first quarter fourth adjacent transmission lines, the third trans-
wave coupler being coupled to the input terminal of 20 mission line having first and second opposed termi-
the second quarter wave coupler to form a first input nals and the fourth transmission line having third and
port for receiving an RF signal; fourth opposed terminals, the first terminal of the
the first and second quarter wave couplers being dis- third transmission line being an input terminal, the
posed on a single substrate plane and the output second and third terminals of the third and fourth
terminal of the first quarter wave coupler and the 5 transmission lines being diagonally opposed and
output terminal of the second quarter wave coupler shorted to ground potential, and the fourth terminal
providing first and second output ports for generat- being an output terminal: "
ing a differential output signal in response to the RF the input terminal of the first transmission line coupler
signal; and . and the input terminal of the second transmission
a plurality of tuning elements coupled to the input port 30 line coupler being coupled together to form an input
and the first and second output ports, said plurality of port for receiving a radio frequency (RF) signal, the
tuning elements controlling frequency selectivity of the output terminal of the first transmission line coupler
bandpass filter. . and the output terminal of the second transmission
2. A bandpass filter, COMmPIISING. line coupler providing first and second output ports
a balun transformer, comprising: 35 for generating a differential output signal in response
first and second substrate layers located on paraliel to the RF signal; and
planes; first, second, and third tuning circuits coupled to the input

a first transmission line coupler formed of first and

d t ctivel
second co-located transmission lines disposed on the port and the first and second output ports respectively

for controlling frequency selectivity of the bandpass

first and second substrate layers respectively, the first 40 filt

transmission line having first and second terminals 5 A I?an ss filter, comprising:

and the second transmission line having third and ' dpa . ‘ E: .
fourth terminals, the first and fourth terminals being a transmission line balun transformer, comprising:

a first quarter wave coupler formed of two adjacent
transmission lines having end terminals wherein the
end terminals comprise two diagonally opposed ter-
minals shorted to ground, an input terminal, and an
output terminal,;

a second quarter wave coupler formed of two adjacent
transmission lines having end terminals wherein the
end terminals comprise two diagonally opposed
open circuited terminals, an input terminal, and an
output terminal, the input terminal of the first quarter
wave coupler being coupled to the input terminal of
the second quarter wave coupler to form a first input
port for receiving an RF signal,;

the output terminal of the first quarter wave coupler and
the output terminal of the second quarter wave
coupler providing first and second output ports for
generating a differential output signal in response to

at opposite ends of the first and second co-located
transmission lines on parallel planes and being open 45
circuited, the third terminal being an input terminal,
and the second terminal being an output terminal;

a second transmission line coupler formed of third and
fourth co-located transmission lines disposed on the
first and second substrate layers respectively, the 50
third transmission line having first and second ter-
minals and the fourth transmission line having third
and fourth terminals, the first terminal of the third
transmission line being an input terminal, the second
and third terminals being at opposite ends of the third 55
and fourth co-located transmission lines on parallel
planes and being shorted to ground potential, and the
fourth terminal being an output terminal;

the input terminal of the first transmission line coupler
and the input terminal of the second transmission 60

line coupler being coupled together to form an input the RF signal; and

port for racciving a radio f[cque;ncy (RF) ,f;,igna:[.JI the tuning elements COllpled to the inpl.]t port and the first a_nd
output terminal of the first transmission line coupler second output ports for controlling frequency selectiv-
and the output terminal of the second transmission ity of the bandpass filter.

line coupler providing first and second output ports 65 6. A communication device, including:

for generating a differential output signal in response a bandpass filter for receiving a (radio frequency) RF

to the RF signal; and signal said bandpass filter, comprising:
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a balun transformer, comprising: tuning elements coupled to the input port and the first and
a first quarter wave coupler formed of two adjacent second output ports for controlling frequency selectiv-
transmission lines having end terminals wherein the ity of the bandpass filter:

end terminals comprise two diagonally opposed ter- _ _ o ‘ o
minals shorted to ground potential, an input terminal, 5 a low noise amplifier for receiving the differential signal

and an output terminal; and providing an amplified differential signal; and

a second 'qu.ancr-wave cqupler fonnec_l of two adj_acent a mixer for mixing the amplified differential signal with a
transmission lines havgng end tcrfmnals wherein the quadrature phase split signal to generate a quadrature
end terminals comprise two diagonally opposed output signal

open circuited terminals, an input terminal, and an 10
output terminal, the input terminal of the first quarter 7. A communication device as described in claim 6,
wave coupler being coupled to the input terminal of =~ wherein the communication device comprises a portabie

the second quarter wave coupler to form a first input ~ radio.

port for receiving an RF signal; and 8. A communication device as described in claim 6,
the output terminal 0{': the first quarter wave coupler 15 gperein the communication device comprises a mobile
and the output terminal of the second quarter wave radio

coupler providing first and second output ports for
generating a differential output signal in response
to the RF signal;
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